The aim of this study was to investigate the correlation between ECG changes prior to discharge and findings of early low dose dobutamine stress echocardiography (LDSE) performed in 6 ± 2 days, in patients experiencing their first acute anterior MI.
ST segment elevation has been recognized as a functional marker of coronary occlusion. Many experimental and clinical studies have attempted to use it as an index of ischemic injury or predictor of myocardial necrosis. 1) According to classical medical teaching, the appearance of T wave inversion represents ischemia, whereas ST segment elevation is a manifestation of myocardial injury.
2) Most previous studies have focused on changes in the dynamic of the ST segment and T wave within the first few hours of thrombolytic therapy, and found that rapid resolution of the ST segment deviation and T wave height compared to the initial electrocardiogram and early inversion of the T waves were associated with reperfusion or preservation of left ventricular function. [3] [4] [5] However, ST segments and T waves attain a stable pattern only 7-10 days after the acute phase. 6) Therefore, the predischarge ECG may be a more accurate predictor of left ventricular function. However, only a few studies have investigated the importance of the predischarge ST and T changes on ECG in patients with acute myocardial infarction (AMI), and to the best of our knowledge there has been no study on the relation between these ECG changes and myocardial viability.
It is important for risk stratification and management to differentiate necrotic and viable but dysfunctional myocardium at the early period following acute myocardial infarction. However, as the recovery of dysfunctional myocardium may be delayed for a long time, it is quite difficult to evaluate the extent of myocardial damage after thrombolysis at an early stage. 7) Many studies have indicated that predischarge low dose dobutamine stress echocardiography (LDSE), which is a quite practical method, is very effective at predicting reversible myocardial dysfunction. [8] [9] [10] [11] In the present study, we evaluated the possible correlations between the ST segment and T wave alterations on 7-10 day ECG and the results of LDSE in patients with their first Q wave anterior acute myocardial infarction.
METHODS
This prospective study included 62 consecutive patients experiencing their first acute anterior myocardial infarction (mean age, 55 ± 11 years) who were admitted less than 6 hours from the onset of symptoms to our coronary care unit. Patients were excluded from the study if they had, 1) a history or ECG findings of healed myocardial infarction, 2) a previous angioplasty or coronary artery bypass grafting operation, 3) a serious valvular heart disease, 4) factors that may effect the ST segment (use of digitalis, ventricular preexcitation, serious left ventricular hypertrophy, hypercalcemia, chronic liver disease, clinical evidence of pericarditis), 5) permanent or temporary atrial fibrillation, left bundle branch block or interventricular conduction defect within six hours following the onset Vol 46 No 6 of chest pain, and 6) admission after more than 6 hours from the onset of symptoms. The criteria for diagnosis of anterior Q wave acute myocardial infarction were typical chest pain lasting ≥ 30 minutes, an increase in the serum creatinine kinase-MB fraction over twice the normal value, ST elevation ≥ 0.1 mV in ≥ 2 adjacent precordial leads V 1 to V 4 , and development of a new abnormal Q wave in ≥ 2 precordial leads. Electrocardiography: A 12-lead ECG recording was obtained at a paper speed of 25 mm/s and amplification of 10 mm/mV amplitude prior to thrombolytic treatment and at the time of discharge. The isoelectric line was defined as the level of the preceding TP segment. The ST segment was measured from 0.08 seconds after the J point to the nearest 0.5 mm, and the sum of the ST segment elevations (Σ ST) was calculated by summing the degree of ST segment elevations in precordial leads. Patients were classified according to their ST segment deviation and T wave direction on their predischarge ECG into three groups: group A, isoelectric ST segment and positive or negative T waves; group B, ST elevation > 1 mm and negative T waves, and group C, ST elevation > 1 mm and positive T waves. If one of the two leads with the most prominent ST elevation had a negative T wave and the other lead a positive T wave, the patient was assigned to group C if the adjacent precordial leads had positive T waves, or group A or group B if the T wave in the adjacent leads were negative. For the leads with biphasic T waves, the definition was based on the configuration of the terminal portion of the T wave.
The shapes of the ST segment elevation were defined as concave, straight, or convex according to the ECG on admission.
12) QRS patterns were defined as ST elevation with and without distortion of the terminal portion of QRS in ≥ 2 adjacent leads (emergence of the J point at ≥ 50% of the R wave in leads with a qR configuration or disappearance of the S wave in leads with an Rs configuration). 13) Infarct size was assessed by predischarge ECGs using the modified 54 criteria 32 point QRS scoring system of Selvester. 14) In this scoring system, points are given for abnormal Q waves, R wave duration and amplitude, Q-to-R wave ratios, and R-to-S-wave ratios. Each point represents approximately 3% of the left ventricular myocardial mass. Electrocardiograms were separately evaluated by 2 independent observers blinded to the data. Low dose dobutamine stress echocardiography: LDSE was performed 6 to 7 days after acute myocardial infarction in all patients. None of the medications were stopped before LDSE. The institutional ethics committee approved the study protocol. Informed consent was obtained from all patients. Two-dimensional echocardiography was performed using a commercially available electrical sector scanner (VingMed model CFM800) equipped with 2.5 and 3.5 MHz transducers. Images were displayed in real time and recorded on a videotape using a 0.5-inch VHS cassette recorder. Standard views (parasternal long and short axis, apical 2 and 4 chamber views) were recorded in the left lateral position under basal conditions and during dobutamine infusion. Dobutamine was given intravenously by an infusion pump at a dosage of 5 µg/kg/min for 5 minutes and then increased to 10 µg/kg/min for another 5 minutes. [8] [9] [10] [11] The patients were continuously monitored by ECG. Echocardiographic imaging and blood pressure recording were performed at baseline and at the end of each stage. Dobutamine infusion was terminated in cases of headache, severe nausea, vomiting, ≥ 2 mm ST elevation or depression compared with baseline, heart rate > 120 beat/min., hypotension (systolic blood pressure < 90 mmHg), hypertension (systolic blood pressure ≥ 240 mmHg), or serious ventricular arrhythmia (> 3 ventricular complex at cycle length < 600 msec).
8)
The left ventricle was divided according to the 16-segment model proposed by the American Society of Echocardiography. 15) Wall motion was assessed visually in terms of both endocardial motion and wall thickening. The following scoring system was used: 1 = normal; normal wall motion and thickening; 2 = hypokinesia, marked decrease in endocardial motion and systolic wall thickening; 3 = akinesia, absence of inward wall motion and absence of systolic thickness, and 4 = dyskinesia; paradoxical wall motion away from center of the left ventricle in systole. 16) Segments of left ventricle were divided according to the territories supplied by each coronary artery and 9 segments supplied by the left anterior descending artery were assigned to the anterior infarct zone: basal and mid anterior septum (at parasternal long axis), mid septum, apical septum, apicolateral (at four chambers), inferoapical, anteroapical, mid and basal anterior (at two chambers). 17) A wall motion score index (WMSI) was calculated at baseline and at the two dobutamine dose levels. This index was defined as the sum of the individual wall motion scores divided by the respective number of measured segments. 12) Inadequately visualized segments were not scored, and if more than 2 segments of the infarct zone or 4 or more of all 16 segments were not visualized, the study was considered inadequate for analysis. 9) Reversible segmental dysfunction was defined as an enhancement of at least 1 grade or more in at least 2 contiguous infarct zone segments. 10) A patient was considered to have reversible dysfunction if wall motion improved in 2 or more contiguous segments and infarct zone WMSI decreased ≥ 0.22 at follow-up.
10)
Statistical analysis: Means ± SD were continuous variables, and absolute and relative frequencies were measured as discrete variables. Analysis of variance (ANOVA) using the Tukey test for post hoc analysis was performed in order to analyze statistically significant differences for mean continuous variables. variate logistic regression analysis was performed, which included preserved left ventricular function (WMSI < 2) as a dependent variable and peak creatinine kinase, the sum of ST segment elevation, the number of leads with ST elevation, terminal QRS distortion, the shape of ST segment elevation, and the predischarge ST and T waves alteration as independent variables. The odds ratios (OR) and 95% confidence intervals (CI) were calculated. The Pearson correlation coefficients (r) and their significance (p) were calculated for different variables. For all analyses, a P value < 0.05 was considered to be a statistically significant difference. 
RESULTS
Baseline characteristics of patients: Patients were classified into 3 groups according to the shape of the ST elevation as defined above. Twenty-two patients (group A) had an isoelectric ST segment and negative or positive T waves, 18 patients (group B) had ST elevation with negative T waves, and 22 patients (group C) had ST elevation and positive T waves (Figure 1 ). The demographic characteristics of the patients are shown in Table I . There were no differences between the 3 groups with regard to age, sex, systolic and diastolic blood pressures on admission, heart rate on admission, method of reperfusion therapy, and the time from symptom onset to reperfusion ( Table I ). The sum of ST segment elevations before thrombolytic therapy was slightly but not significantly lower in group A than in the other two groups. The peak creatinine kinase was significantly lower in group A than in groups B and C, indicating that the enzymatic infarct area was smaller in patients with an isoelectric ST segment and negative or positive T wave on discharge. Low dose dobutamine stress echocardiography: A total of 558 segments were analyzed at the anterior infarct zone supplied by the left anterior descending artery. There was a dyssynergia in 501 (228 hypokinetic and 273 akinetic or dys- The number of akinetic and dyskinetic segments in the infarct zone were higher in patients with a final predischarge ECG pattern of ST elevation (groups B and C), particularly in patients with positive T waves (group A 2.90 ± 2.34, group B 4.44 ± 2.38, P = 0.05 versus group A and group C 5.86 ± 1.83, P < 0.0001 versus group A), and in groups B and C fewer akinetic segments showed There were more akinetic segments in groups B and C, and more akinetic segments were improved in group A after low dose dobutamine stress echocardiography. *P < 0.005 and **P < 0.0001 versus group A. an improvement in LDSE compared to group A (akinetic segment in group A 1.43 ± 1.86, P = 0.02 versus baseline, group B 3.67 ± 2.72 and group C 4.95 ± 2.24) (Figure 2) . In group A, 53.9% (34/63), in Group B 20.7% (17/82, P < 0.01 versus group A), and in Group C only 17.1% (22/128, P < 0.01 versus group A) of akinetic segments improved to hypokinetic or normal segments at the infarct zone. Also in group A, 80.5% (83/103) of hypokinetic segments became normal, while the corresponding figures in groups B and C were 63.2% (43/68) and 49.1% (28/57), respectively (P < 0.05 versus group A and B). LDSE revealed there was no response in 9% (2/22) of patients in group A (P < 0.05 versus group B and P < 0.01 versus group C), 33% (6/18) in group B, and 45% (10/22) in group C (Table II) . Changes in dyssynergic segments at the infarct zone of groups during low dose dobutamine stress echocardiography (LDSE). In group A (ST isoelectric ST with negative T waves), the number of improved segments in the infarct zone supplied by the left anterior descending artery were higher after LDSE. *P < 0.05, **P < 0.01, ***P < 0.0001 Baseline left ventricular WMSI calculated from 16 segments was better in group A than the other two groups, but it was only significantly different from group C (P < 0.05). In addition, LDSE demonstrated significantly more improvement in left ventricular WMSI in group A compared to groups B and C (Table II) . Baseline WMSI at the infarct zone supplied by the left anterior descending artery was lower in group A than groups B (P < 0.05) and C (P < 0.0001). Also, LDSE revealed a significant decrease in infarct zone WMSI in group A compared to baseline (from 2.71 ± 0.65 to 2.07 ± 0.71 P = 0.02), and it was significantly different from groups B and C (Table II, Figure 3) . Multivariate logistic regression analysis showed that distortion of the terminal portion of the QRS and the predischarge ST-T alteration was associated with preserved left ventricular function (WMSI < 2) at rest. The LDSE findings meanwhile showed an independent association only with the predischarge ST-T alteration (P = 0.03, OR 3.0, 95% CI 1.05-8.98) (Table III) . Although there was a poor correlation between the QRS score and WMSI in all patients at baseline (r = 25, P = 0.04), this positive correlation was more significant at the time of LDSE (P = 0.002). In subgroup analysis, a significant correlation was found particularly in patients with ST elevation and positive T waves (group C) at the time of LDSE (Table IV) .
DISCUSSION
In many studies infarct size has been assessed on the basis of ST segment measurements on admission ECG, such as the number of leads with ST segment elevation or the magnitude of these elevations. 18, 19) Normalization of the ST segment has been reported as an important marker of reperfusion after thrombolytic therapy. Patients experiencing their first acute infarction treated with thrombolysis who have negative T waves beyond 24-48 hours after admission in ECG leads with initial ST elevation, have higher 30 day survival rates than patients without negative T waves. 20) In a recent study, Kosuge, et al showed that in patients with a successfully reperfused anterior AMI, the left ventricle ejection fraction calculated using ventriculography was excellent if they had concave type ST elevation and poor if they had convex type ST elevation. 21) In studies that focused on QRS, distortion of the terminal portion of the QRS complex due to ST segment elevation on the admission ECG was independently associated with a larger infarct size and increased hospital mortality rate in patients with acute myocardial infarction treated with thrombolysis. 13, 22, 23) Taking all these ECG alterations into consideration, multivariate analysis revealed that myocardial dysfunction was best correlated with ST segment and T wave alterations on predischarge ECG. This correlation became more evident after dobutamine stress testing.
We assumed that ST segments and T waves reach a stable pattern in 7-10 days following the acute event, and this was supported by the study of Zmylinski, et al. 6) They analyzed the normal courses of ST segments in patients with acute anterior wall myocardial infarction and found that the ST-T segment pattern reached a stable configuration only after 96 hours. A possible explanation for this late stabilization may be related to arterial patency. In many studies, different degrees of reperfusion have been shown between the acute and subsequent phases of myocardial infarction in patients treated with thrombolysis. 24) Therefore, the predischarge ECG may be a better predictor for reperfusion and left ventricular function. Kusniec, et al found that both an isoelectric ST segment and a negative T wave on the predischarge ECG were significantly associated with a higher patency of the infarct-related artery (TIMI flow grade 3), and suggested this pattern as a better marker for reperfusion. 25) In addition, patients with persistent ST elevation and positive T waves showed a higher percentage of left ventricular mural thrombus compared to patients with negative T waves. Moreover, in these patients, the positive late potential incidence in signal-averaged ECG was lower and the risks of reinfarction and recurrent ischemia were higher. 26, 27) In the present study, in patients with ST elevation and positive T waves on the predischarge ECG, the enzymatic infarct areas and baseline WMSI were larger and the baseline ejection fractions were lower. Although previous studies have reported an association between ECG patterns and infarct size determined by the Selvester scoring system, ventriculography or technetium-99m-sestamibi perfusion scintigraphy, which do not provide information about myocardial viability, no studies have investigated the relation between ECG patterns and myocardial viability in patients with AMI. The present study is the first that assessed the association between ST segment/T wave patterns at 7-10 days and myocardial viability determined by LDSE in AMI patients.
In a study of 38 patients experiencing their first AMI who received throm- 29, 30) Christian, et al could not find a relation between ejection fractions or Tc-99m sestamibi perfusion defect size and the predischarge QRS score among patients who received thrombolytic therapy, however, long-term follow-up demonstrated the presence of a good relation. 31) In addition, in a recent study evaluating the relation between ST/T alterations and infarct zone, a very weak relation was found between infarct zone assessed by the rest Tc 99m sestamibi and QRS scores in those with an isoelectric ST segment and negative T wave, before discharge. Myocardial stunning and hibernation can explain the discrepancies between the QRS score and the early assessment of systolic function after reperfusion therapy. 29) Most likely the QRS alterations occur essentially only in regions composed mainly of irreversibly necrotic myocardium, whereas ischemic, stunned, or hibernating myocardium does not develop QRS alterations. [32] [33] [34] For this reason, the QRS score may be more closely related to infarct size than the early ejection fraction estimates. The QRS score is not very sensitive for determining the segments that are partially necrotic. 32) In our study, even though no correlation was found in the group with more viable tissue, isoelectric ST segments, negative T waves, and a higher Selvester QRS score, we found a significant correlation between ST segment elevation and positive T wave and QRS score in the group with more necrotic segments. Reperfusion treatment can cause partial necrosis. Therefore, the QRS score following reperfusion treatment may not be as accurate as it is in cases without reperfusion. The actual infarct area determined by LDSE is most likely more reliable and larger than the estimations made by Selvester scoring in the infarct zone. In the present study, although there was a weak relation between the QRS score and WMSI at basal conditions, it significantly increased after dobutamine testing.
The main limitation of the present study is the possible development of ST segment elevation due to left ventricular aneurysm. However, although ST segment elevation was observed in both group B and group C, the improvement in wall motion with LDSE was more pronounced in group B (patients with associated T negativity) than in group C (patients without T negativity). The frequency of left ventricular aneurysm was 28% (5/18) in group B (patients with ST segment elevation) and 54% (12/22) in group C. These findings demonstrate that ST elevation may not always be a sign of ventricular aneurysm.
In conclusion, predischarge ECG, a simple noninvasive method, can be used to estimate the infarct area and reversible myocardial dysfunction in patients with first Q wave AMI, and it may serve as a useful prognostic tool in addition to other available invasive and noninvasive methods. ST and T alterations in ECGs conducted at 7-10 days in particular can help a clinician more than other alterations in an ECG at the early stage of myocardial infarction. This simple finding indicates that the development of an isoelectric ST segment at the time of discharge is correlated with better left ventricular function and higher amounts of viable myocardium. By contrast, persistent ST elevation, especially with positive T waves, is a sign of a higher grade of left ventricular dysfunction, higher amounts of necrotic myocardium, and probably a worse prognosis. Additionally, LDSE increased the accuracy of the predischarge QRS score for the estimation of infarct area. This result is important for predicting the condition of the patient and planning the treatment after discharge.
